A total of 125 strains of Neisseria meningitidis recovered in the course of outbreaks from patients with systemic disease in 11 African countries between 1989 and 1994 were analysed by serogrouping, serotyping and multilocus enzyme electrophoresis. Of the 125 patient strains 115 (92%) belonged to the clone-complex of serogroup A meningococci, designated subgroup III. Among the remaining strains, 4 were also serogroup A, but belonged to the clonal groups I and IV-1 (2 strains each), whilst 6 strains (4 serogroup C and 2 serogroup W135) represented clones of the ET-37 complex. Our results indicated that the second pandemic caused by clones of subgroup III is still spreading in Africa.
INTRODUCTION
Epidemic waves of meningococcal meningitis occur periodically in Africa every 5-10 years, and usually encompass the Sahel zone of sub-Saharan Africa, called the 'meningitis belt' [1] . The responsible organisms are serogroup A Neisseria meningitidis. Morbidity rate in the course of an epidemic may exceed 500 per 100000 [2] .
Representative strains from all major serogroup A meningococcal epidemics that occurred worldwide since 1960, as well as a number of serogroup A strains from endemic disease periods have been investigated using multilocus enzyme electrophoresis [3, 4] . A total of 84 electrophoretic types (ETs), which could be classified into 9 clone-complexes or subgroups, have * Correspondence. been recognized [4] . Strains belonging to 3 of these subgroups have been identified as the cause of epidemics in Africa.
Clones of subgroup I caused epidemics in North Africa and in countries of the meningitis belt from the beginning of the 1960s and were responsible for epidemics in Nigeria and Rwanda in the late 1970s [3] . Subgroup IV-1 clones have been continuously present in Africa since the early 1960s during inter-epidemic periods, and in the early 1980s were responsible for an epidemic wave in the meningitis belt [5] .
Clones of subgroup III, in particular clone III-1, have been responsible for 2 pandemics, both starting in China, 15 years apart [4] . While the first pandemic hit Europe and Brazil [3] , the second pandemic that started in the 1980s in China and Nepal, reached Saudia Arabia via pilgrims from East-Asia to Mecca in August 1987 [6] . Seven thousand cases of meningococcal disease occurred during the 1987 Haj pilgrimage, and then many cases were reported among pilgrims returning to their country; in all cases clone III-l was identified [7] [8] [9] .
While in industrialized countries, the bacteria did not spread beyond the returning pilgrims and their close-contacts, the introduction of subgroup III into countries of the meningitis belt of Africa, where it had never been recorded prior to the Mecca outbreak, led to major epidemics in 1988-9 in Ethiopia, Chad, Sudan, as well as in Kenya [6, [10] [11] [12] .
Following the epidemic wave of 1988-9 caused by clone III-l, a number of epidemics occurred in subsequent years in various African countries. We report the characterization of the strains responsible for these epidemics and show that clones of subgroup III have been spreading in Africa, reaching regions to the West and South, well outside the traditional meningitis belt.
MATERIALS AND METHODS

Cerebrospinal fluid samples
Non selective Trans-Isolate media [13] were prepared in Oslo and sent to Medecins Sans Frontieres/ Epicentre in Paris and Medecins Sans Frontieres in Brussels, together with syringes for inoculation and ventilation, and instructions for use. The media were then distributed to the physicians on mission in Africa. Samples of cerebrospinal fluids (CSF) from patients in Africa were directly inoculated into Trans-Isolate transport media, as described by Ajello and colleagues [13] and sent as rapidly as possible to the WHO Collaborating Centre for Reference and Research on Meningococci in Oslo.
In addition, in some instances, bacterial identification and serogrouping were performed in the country of origin. The patient strains (« = 74) were then sent to the laboratories in Paris or in Oslo, either in Vandekerkove's medium [15] (64 isolates) or in Trans-Isolate medium (10 isolates). Meningococci were preserved either at -70 °C or lyophilized.
Serogrouping and serotyping
Serogroups were determined in Oslo using the ELISA technique and monoclonal antibodies specific for the A, B, C, W135, Y capsular polysaccharides [16] and in Paris by agglutination with immunosera against the 12 serogroups that have been described [14] . Serotyping and subtyping were performed using monoclonal antibodies in ELISA or in a dot-blot method [17] . Monoclonal antibodies were kindly provided by Drs J. T. Poolman and W. D. Zollinger. The monoclonal antibodies against serotype 21 were used only in Oslo.
Susceptibility to antibiotics
Testing of antibiotic susceptibility was performed as previously described [14, 16] .
Electrophoresis of enzymes
Multilocus enzyme electrophoresis was performed as described [18, 19] , with the exception that the unknown dehydrogenase was not analysed for the strains studied in France. Each isolate was characterized by its combination of alleles at 13-14 enzyme loci. Distinctive multilocus genotypes were designated as electrophoretic types, ETs. ETs were cognated with those previously described [4, 20] .
Bacterial strains
CSF samples in Trans-Isolate media were plated on chocolate agar and on chocolate agar with colimycin 7-5 mg/1, lincomycin 0-5 mg/1, amphotericin B l-0mg/l, and trimethoprim 5-0 mg/1. Plates were incubated at 35 °C in 10% CO 2 for up to 3 days, and meningococci were identified by standard methods [14] . One colony of N. meningitidis from each CSF sample was subcultured twice, each time from a new single colony, and preserved at -70 °C until further analysis. Fifty-one meningococcal strains were obtained in that way.
RESULTS
Recovery of meningococcal strains from Trans-Isolate medium
A total of 114 Trans-Isolate media, inoculated in Africa by physicians of Medecins Sans Frontieres/ Epicentre, were received by the Oslo laboratory. The samples were plated immediately upon arrival, which occurred 2-4 weeks after inoculation. While contaminants were frequently seen on plates, no meningitis pathogens other than N. meningitidis were identified. The frequency of recovery of meningococci in samples from different countries is shown in Table  1 . Overall, meningococcal growth was obtained from 51 samples (45%). The percentage of recovery was exceptionally high among the samples from Mali (12 out of 13), and we thus question whether those media were inoculated with CSF or with meningococci isolated in the laboratory in Bamako. Omitting the samples from Mali, the percentage of isolation of meningococci from CSF in Trans-Isolate media was 39%. There was no correlation between the delay before culture and the recovery of meningococci from the samples. Table 2 summarizes the origin and the characteristics of the 125 patient strains examined. The analysis of the 24 strains from the Central African Republic has been published elsewhere [21] . All but 6 of the strains (95%) were serogroup A. The 6 exceptional strains were serogroup C (4 strains; 1 from Niger, 2 from Mali, and 1 from Guinea) and serogroup W135 (2 strains from Mali). All these non-serogroup A strains were serotype 2a and represented clones of the ET-37 complex [20] , regardless of their serogroup (Table 3) . Among the 119 serogroup A strains, only 4 did not belong to subgroup III. Two subgroup I strains (A: NT: P1.10) were identified in Morocco in 1989 and subgroup IV-1 strains were found in the Central African Republic in 1992 and Mali in 1994 (1 strain each). Thus, 115 (92%) of the 125 patient strains collected in Africa between 1989 and 1994 belonged to 1 of 3 clones of subgroup HI ( Table 3 ). All subgroup I and subgroup III strains and all but one of the ET-37 complex strains tested were resistant to sulphonamides, while the strains of clone IV-1 were susceptible to sulphonamides. No decreased sensitivity to penicillin G nor resistance to other antibiotics was found among the strains analysed.
Clone identification and other characteristics of the strains
DISCUSSION
Following the introduction of subgroup III strains to Africa in August 1987, major epidemics occurred in Chad, Ethiopia, Sudan and Kenya, in 1988 and 1989, and subgroup HI strains of N. meningitidis were identified as the responsible organism [6, [10] [11] [12] . In 1989, epidemics of meningitis were also reported in Tanzania, Nigeria, Benin, Togo and Cameroon [22] [23] [24] , but the responsible bacteria were not identified.
From December 1989 to April 1990 an epidemic of meningitis reached Morocco, mainly the southern part of the country [25] . Twenty-three of the 25 isolated strains belonged to subgroup III, while the remaining 2 belonged to subgroup I, which had already been identified in that country in the 1960s [4] . A study of meningococcal carriage was performed in July 1989 in a military camp situated in the region of Casablanca, and a carriage rate of 4-3 % was observed [25] . All the 65 strains isolated were identical and represented a clone of subgroup III identified in 2 of the 25 patients from Morocco in 1989 included in this study (Guibourdenche and Riou, unpublished data) . After the outbreak, cases of meningococcal meningitis caused by subgroup III strains continued to appear sporadically in Morocco until 1994 (Benbachir and Caugant, unpublished data).
In January 1990, an outbreak of meningococcal disease occurred in Uganda [26] , but no strains were analysed. The next epidemic episode occurred in Niger between November 1990 and April 1991. The number of recorded cases was 6278 for the whole country (incidence 79/100000) with a case fatality rate of 10-6 %. The regions of Zinder and Maradi were the worst affected, with a total of 4242 cases (incidence 138/100000). The attack rate was highest in the agegroup 5-14 years old. A large proportion of the population in these regions had been vaccinated in the course of the previous epidemic, in 1986. The 8 strains we recovered were from CSF of patients in Zinder. Seven of these were clone III-1 and one was serogroup C of the ET-37 complex, suggesting that the epidemic was not due to a single clone, although it is likely that a large part of the epidemic was due to subgroup III organisms.
From March to November 1991, an outbreak of serogroup A meningococcal disease occurred in South Africa among refugees from Mozambique. All 10 isolates we received belonged to clone 1-1 [unpublished data], a clone previously identified in many African countries, inclusive of South Africa [4] . Thus, this outbreak was not related to the epidemic wave caused by strains of subgroup III.
No outbreak was reported in Africa by the World Health Organization Weekly Epidemiological Record between the epidemic in Uganda in early 1990 [26] and the resurgence of clone III-1 in the Central African Republic in the early 1992 [21] , suggesting that with the exception of the epidemic in Niger, this 2-year period was marked by low incidence of disease.
In 1992, in addition to the outbreak in the Central African Republic which has been described elsewhere [27] , an epidemic of meningococcal meningitis occurred in Burundi from July to October, with a total of 2272 cases (incidence 41/100000) and a recorded case fatality rate of 4-2%. This was the first epidemic reported in Burundi since 1981, and the highest attack rate was in 30-34 year olds. The seven strains analysed were all clone III-l, demonstrating the extension towards the South of the meningitis belt. In the first 9 months of 1992,4279 cases of cerebrospinal meningitis were also reported in Tanzania, but no strain from that country was available [28] .
From December 1992 to March 1993 cases of meningococcal meningitis occurred in Sudan, but an epidemic was not confirmed. The only isolate that was recovered was clone III-l. Between January and March 1993, parts of Chad and parts of Guinea were involved in a severe epidemic with an estimated incidence of 260/100000 and 136/100000, respectively. All strains from Chad, and 9 of the 10 strains from Guinea that we analysed belonged to subgroup III. However, 6 of the 9 strains from Guinea represented a different clone of subgroup III.
In Zambia, between 26 July and 19 September 1993 an epidemic was declared in the district of Ndola, in the Copper Belt Province, with 1381 reported cases. The attack rate in that period was 330/100000 and the case fatality rate was 10%. The highest attack rate was in individuals over 14 years old. All 8 strains isolated in the course of this epidemic were subgroup III.
In the course of 1993-4, cases of meningococcal disease caused by subgroup III organisms also occurred in Cameroon, Uganda and Rwanda, but we have no information concerning the severity of the situation in those countries. Mali was also reached by strains of subgroup III in 1993. While the few strains of serogroup A meningococci from Mali isolated between 1989 and 1992 were all subgroup IV-1 (M. Achtman, personal communication), a clonal replacement occurred in 1993^, with 7 of the 8 serogroup A strains analysed being clone III-1.
Our study demonstrates that the spread of strains of subgroup III in Africa led to epidemics and outbreaks well outside the traditional meningitis belt. The meningitis belt, as described by Lapeysonnie in 1963, has been subsequently enlarged to include Ethiopia, Kenya, Uganda and Rwanda, in the East, and parts of Mali, Gambia, and Senegal in the West in the revised map published by Moore in 1992 [29] . Our data showed that the Central African Republic and Cameroon, in the South of the Sahelian region, also experienced outbreaks after the introduction of clones of subgroup III, as did Burundi, Zambia and probably Tanzania, even further south. This extension could be linked to the climatic changes towards desert conditions experienced by that region. A strong correlation of humidity and a low potential for epidemic meningococcal disease has been recently documented [30] . However, severe serogroup A epidemics have been reported in Africa before, well outside the boundaries of the meningitis belt [31] , and it is possible that the apparent extension of the meningitis belt is a result, at least in part, of improved information.
Ajello and colleagues [13] reported a recovery of the aetiological agents in 73 % of the Trans-Isolate media inoculated with CSF in Africa. Under similar conditions, we obtained growth of N. meningitidis in about 40% of the media. This method of sending CSF proved very useful to study the organisms causing meningitis epidemics in regions of Africa that are difficult to get access to, where the local doctor has no means to dispatch the CSF to a laboratory or to isolate the strains.
